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PURPOSE OF INVESTIGATION. 


At certain periods during the last few years the oyster growers of 
New England have had difficulty in shipping oysters for long dis- 
tances without the development of a pink color in the liquor or on 
the oyster itself. Analyses of shipments showing this color have 
demonstrated the cause. The organism producing the pink pigment 
is a yeast-like fungus which grows readily at low temperature, and 
produces pigment bright enough to be noticed only when the ship- 
iment has been in transit three or four days. Oysters which appear 
to be in good condition when shipped are often found to be pink 
when they reach their destination. 

1The major portion of this investigation was carried on at Brown University, Provi- 
dence, R. I., under the supervision of Prof. F. P. Gorham, and was submitted to the 
faculty of that institution in partial fulfillment of the requirements for the degree of 
doctor of philosophy. During the early part of the investigation valuable assistance was 
given the writer by Charles W. Parmelee. The work was completed and the report re- 


vised in the Microbiological Laboratory of the Bureau of Chemistry. Valuable criticisms 
and suggestions have been offered by Dr. Charles Thom of that laboratory, 
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The investigation here reported was undertaken to determine the 
distribution of this “ pink yeast,” and to find a suitable method of 
controlling or preventing its development. Later, the work was ex- 
tended to cover a more detailed study of the organism itself, includ- 
ing its morphology, physiology, and biochemistry. 

While much concerning the pink yeast and its relation to the oyster 
industry remains to be studied, the data given in this bulletin may 
help to a better understanding of the cause of the color, the distribu- 
tion of the organism, its control, and some of its Sener and chemi- 
cal properties. 

HISTORICAL REVIEW. 


The true yeasts, Saccharomycetes, and the pseudo yeasts, or Tor- 
ulaceze, are widely distributed, and have been isolated from many 
sources. L. van der Hulle and H. van Laer (1890) isolated a pink 
yeast from Belgian beer. M. Ward (1892) studied a pink yeast 
which was an alien organism in ginger beer yeast. Kramer (1891) 
obtained a pink yeast-like form from must fermentation, while V. 
Peglion (1895) and E. Kayser (1890) also studied pink yeasts 
from must fermentation. R. Demme (1890) studied and described 
a pink form from milk and cheese, and pink yeasts from milk and 
butter have also been described by Krueger (1892) and R. Rein- 
mann (1900). B. Fischer and K. Brebeck (1894) describe pink 
yeasts from the stomach of a patient suffering from gastric fermen- 
tation, also a pink yeast from samples of sea water south of the 
Azore Islands. 

The opinion that Torulacee are merely stages in the dev elop- 
ment of other fungi has been expressed by many workers, notably 
by Hansen (1898). E. Klein and N. Gordan (1912) claim that a cer- 
tain pink yeast originates in a rust infecting the Canada thistle, Puc- 
cinia suaveolens. On the other hand, R. Meissner (1899) has shown 
differences between the budding Torula forms and the budding cells 
of the fungus causing peach leaf curl, E'voaseus deformans. It is 
claimed by Laurent (1889) that the budding spores of Cladosporium 
herbarium become pink yeasts. The earliest attempt to study 
these pink or red yeasts was made by F. A. Janssens and A. Mer- 
tens (1903) with an organism described as a “red Torula.” Such 
forms, which have been known for a long time, were first described 
by Fresenius (1850) as Cryptococcus glutinis. Later Schréter and 
Cohn (1872) grouped the pink yeast with the Saccharomycetes, but 
Hansen has shown that Cryptococcus glutinis comprises several 
species and can not be included in the Saccharomycetes. Hansen 
(1902) and P. Lindner (1887) were unable to see any sporulation in 
the red budding fungi, and Elfving (1886) also studied a pink yeast 
which did not form spores. A. P. Swan (1896) described a red 
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budding fungus in which he claims to have observed sporulation, 
but J. Chr. Bay (1896) disputed this in a subsequent publication. 
Although frequent mention has been made in various trade jour- 
nals of the occurrence of the pink color in oysters, no detailed study 
of the relation of the pink yeast to the oyster industry has been 
published thus far. Bates and Round have submitted to the Bu- 
reau of Chemistry a preliminary report on the occurrence of a pink 
yeast in oysters during the fall of 1914. Based upon their report, 
a statement was made in the Report of the Chemist? that.“ It was: 
discovered that a yeast was the probable cause of the reddening 
which affected thousands of gallons of oysters during the past 


season.” ? 
From the foregoing paragraphs it is evident that these pink 


yeasts are widely distributed in nature. Owing to a lack of ade- 
quate description of these forms, no attempt has been made to iden- 
tify the organism reported here with any of the forms mentioned 
other than that they all belong to the same large group of Torule. 


DISTRIBUTION OF THE PINK YEAST. 


After the cause of the color had been found to be a pink yeast the 
next thing undertaken was a study of the distribution of the organ- 
ism in the oyster house, in oysters, in surface and deep water sam- 
ples from Narragansett Bay, and in mud samples taken from the 
oyster beds. If the distribution was limited to the house, the solu- 
tion of the problem was simple, consisting merely of finding some 
suitable method of removing the infection from everything with 
which the oysters came in contact. If, on the other hand, the habitat 
of the yeast extended to the water and mud on the oyster grounds, 
the problem became more complex, with less prospect of eliminating 
the trouble. An examination was first made of the oyster house and 
of the utensils in and about the house. Later oysters taken from the 
decks of the boats were examined before they had entered the house, 
and finally numerous samples of water and mud were analyzed for 
the presence of the yeast. 

Culture media.—After several preliminary experiments with spe- 
cial culture media of various kinds it was decided that satisfactory 
results would be obtained with dextrose agar and dextrose broth. 
These media, upon which the yeast grows abundantly, have been 
used throughout the work. The agar and broth were prepared ac- 
cording to the directions given in the Standard Methods of Water 
Analysis of the American Public Health Association. Beef extract, 
peptone, and pure dextrose were used, and the reaction was adjusted 
to +0.5 Fuller’s scale. One per cent of dextrose has been found 
sufficient. 


1U. S. Dept. Agr. An. Repts., 1915. 
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IN AND ABOUT THE OYSTER HOUSE. 
METHOD OF EXAMINATION. 


Large swabs of cotton on wooden rods were made and sterilized 
and kept in large jars plugged with cotton. A swab was dipped 
in dextrose broth until thoroughly wet, and then the moistened swab 
was rubbed lightly over the area under examination. The swab was 
then returned to the tube of dextrose broth, marked with the neces- 
sary data, and returned to the laboratory. Immediately on arriving 
at the laboratory the dextrose broth tubes in which the swabs were 
placed were incubated at room temperature (21° to 25° C.) for 12 to 
24 hours, after which the broth was plated out in the proper dilu- 
tions on dextrose agar. The plates were incubated at room tem- 
perature for 7 days, being examined daily for the presence of pink 
colonies. Whenever a pink colony was found it was taken from the 
plate with a sterile needle and transferred to an agar slant. At the 
same time a smear was made for microscopic examination. The 
colonies are very characteristic, both in color and in general appear- 
ance, and can be recognized without difficulty. A smear made from 
each suspected colony was examined, however, in order to avoid 
error in recording results. 


RESULTS. 


In the tables which follow letters have been substituted for the 
names of boats, while the areas from which samples were taken are 
designated by numbers. | 


TABLE 1.—Results of examination of house and utensils. 


Date.. Locaticn examined. . Result. 
1916. 

Sept-\/25) Sides.and-floor of seeond bin, South side: : 22-24. eA ee 2 eee 0 
Do.-.| Dustfrom floor offourth bin, SOUGINSIGG: «4 oe eee a Ae a eee ae 
Do..}| Sides and floor of fourth bin, South’side... 0), 2 eee ae ree pee ee wie + 
Do..| Opening bench in front of bins, Southside acs Sees ee) ee ea a = 
Do-..}| Opening bench in front of bins, southside Gmen working) 2222 ee 0 
Do..| Opening bench in front of bins, Torth Side sce. 6 0. oe hs ep 2 0 
Do..}| Shells from bench, south side, that have rubbed around the bench----....---...---- + 
Do-..| Oysters from the pilei in the bin (outside of Shellexamined).-.-..-........._.-.------- -+ 
Do..} Shucked oysters as passed into washroom ..-.....-.....-.-------------- hi th ee 0 

Sept..18:| Deck of theisteamer Aes =) 22220 be ee ee a 8 ee Ei SB ee ee ee as 
Do..| Deck ofthe steamer A (men working at the time).-.-..--. TS SSRS Pe See ees | + 
Do..| Oysters in shell from deck of the boat (oyster meats examined).........----..------- 0 
Do. Insidethe tub-on' steamersAe ss ee. Fe ee ee ee ee 4 
Do. |: Inside Of wheelbarrow: Osc ee ae ee An as 
Do.t [Inside of wheelbarrow 812s. <05-2) sas2 ce. eas Be <. CEe SESS ee ee ee ae os 
Do..| Oystersin shell from deck of steamer E (oyster meats examined) ..-...-..--.------- 0 

1917. 

Sept. 4..] Sides and floor of fourth bin, south side.......--..-..-------------------+-----+--+-+-- = 
Do...) Sides and floor of seventh bin, South side. ----. 2-2 220. ae ee + 
Do..| Opening bench, south side (new boards) 226 2k POs Kee Oe ee ee ee == 
Do..| Opening bench, north side:(men working); - 2). 3.255. A ss a ee + 
Do..] Sides and floor of fourth bin, Horthiside>- 6 Ae foe ee eee + 
Do..| Sidesand floor of seventh bin, North Side@:2325 sah es eee r 


Do..| Windowsills on the South side 5 Sek ogee ce ek ees See Sa = 
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Table 1 shows that the pink yeast is widely distributed through- 
out the oyster house and the adjacent structures, and can be found 
on the decks of the boats, 73.9 per cent of the locations examined 
giving positive results. At the oyster house where the investigation 
was made the oysters are hoisted from the decks of the boats in tubs, 
then dumped into deep wooden wheelbarrows and carried back along 
the runway to be emptied into the bins within the house. Starting 
at the bins and the opening benches, the pink yeast was found to be 
rather abundantly distributed on the sides and floors of the bins. 
The bins first examined in 1916 had not been used since the pre- 
ceding April, so that the dust from several summer months had 
accumulated in them. This dust contained large numbers of the 
veasts. Attention was next directed to the wheelbarrows in which 
the oysters are carried, swabbings from the inside of two of which 
showed that the pink yeasts are to be found there also. Swabbings 
made from the tubs in which the oysters are hoisted also showed the 
presence of the yeasts. Going still further back in the search, an 
examination of the swabbings made of the decks of the boats showed 
pink yeasts. Oysters from the decks examined at this time showed 
no yeasts. In examining the oysters from the decks of the boats, the 
oyster meats within the shell were analyzed, but the outsides of the 
oyster shells were examined in the sample taken from the bin within 
the house. These results show that the oyster house itself and the 
utensils on the premises are, at least, sources of the infection. 


IN OYSTERS. 


To ascertain whether or not the oysters already contained the 
yeasts when taken from the waters of the bay, further analyses were 
made. 

METHOD OF ANALYSIS. 


Visits to the docks were made at the time when the steamers were 
to arrive, and samples were obtained before the work of unloading 
had begun. A representative sample of 15 or 20 oysters was taken 
from the middle of the pile on the deck, and transported to the labor- 
atory in a cardboard box. The oysters were scrubbed thoroughly 
with a stiff brush in warm water and soap. They were then opened 
aseptically, and 3 oysters placed in a sterile jar with their liquor. In 
opening the oysters the knife was sterilized with flaming alcohol, 
and the edge of the oyster shell was passed through the flame before 
opening. The opened oysters in the jar were vigorously shaken 50 
times and dilutions made of the liquor. The proper dilutions! were 
plated on dextrose agar and examined as already described. 


10.1 ce. and 0.01 cc. were found to be adequate. 
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Later in the course of the work trips were made to the oyster beds, 
where the samples were taken just as the oysters were brought out 
of the water, thus avoiding the contact of the oyster with the deck, 
which was known to be infected. Such samples, placed in card- 
board boxes, were kept in a cool place until they could be taken to the 
laboratory and analyzed. This was usually several hours later, but, 
inasmuch as the analysis was qualitative rather than quantitative, 
the delay has not affected the results. 


TABLE 2.—Analyses of oysters from the bay. 


Date. Source. | Result. 


1916. Steamer: 
v B 


Novwe95|- = 2.5 Beesee: SoS se ert isis pet eee ee penne eee oe ee pos gs no) ee tee 0 
Dec. 4.. A 3 eee Ae arte aN cen ein iets Sot aS Peis is er sie Se 0 
1917. 

Jan-Ss— D, Pemeets Of ee See Se te PERE eG SEES he UCU AE ene ee es Say ie Berea ee 10 
Jan. 30.. sig a ape rs sO ae nae eee aR ee 5 ee ee ah es Rice Se ee 1 colony. 
Feb. 5... Bex cist So She Sic et be es ED: SOs PA eee ee 10 
Feb. 21.. ial Ue alate: ah gb cesses a anaes Sears, SINS CCE) Up tatt s G heh  Rae ies 0 
Marto. Brod Sexe cbe. Sspe ee hc ts pods i GR ee ee ee (0 
Mar. 12.. i 5 Rea nignies tea einai eR ee elope. Sula. Bn os bel _...| 1 colony. 
Mar. 15.. Bote. i olde Sa Sass eer Re es @ a i pr eee ee 0 
Mar. i9.. | Opes ti baedit aaah REN Any th ok eae ae cs ce nee ashe me Rees Saree LS 1 colony. 
Mar. 22.. Ao ck. Ho. cscteddls i ee ae ees «on Re pe fee owe mee 0 
Mar?26°2) Schooner irom w0ne Islan: oreo se ee ae eo ee ae eee 2 colonies. 
Mar.29:-) Steamer Do 2s053. een cb 2 bes cet se eee ene. Jae re cee ee ee eee Do. 
Apreé--) Drede@omss ds taken frond waters. ss s2 soe oe ee ee ee ee see 0 
Apres ee. Oo oct 8 ae oe cetsnee = greet SSE eee ee PS Ee a ee ee 0 
APTS 26sec Pt Kp ese ya apo Sadana ete tenia es tek Reainaik, tc Fae 0 eae ak er a ernie ANG cs Ss a 0 

y.24:.| Dredgeon C, as taken from-waier =... . 2.34 225 eo. Sti Ss 0 
May 29..| Seed oysters ‘taken back from the shop during winter. Takenfrom bed 4 .......| 0 
May 31..| Oldtoysters taken abbed.6_2..2fo5-) | 2 es oe eee ee | 0 
Tune 4°). abe eee oe Se ee or nen ee eee 10 
PUNE Se 8) os ocd ON SSeS es es Se a Ee ea re ee ee ee | 2 colonies. 
June12..|....: Oso isa cea kek ce wens ote eee os ee Or ee ene ee Do. 
June 14. :| Oysters taken tied aes oe Se ae ear ee eee | 0 ; 
PUNE DLS POM: OY SERS Ca Kemn aU OC es ae ee ne | leolony. 
June ae -|-Oysters taken at bed.40~.. 3525 setee : sa Bee oes ee eee | 2 colonies. 
June 28..|...-. i i Ree ene ete eee at oan MMe een notte teers Do nN eae he SEN eet 8 1colony. 
Joly3 = | DeckofSteamerBio- Ss. ees, Se ee ee ee eee 
Sulyoe-| Oidteysters takemat: Ded ate. 2 a re | 0 
July.O<=: + Oystersitakeniat bed:2: 5 eres ee ee eee 0 
July 11 AGO 2 Se Sis Se cca ews eeeh ese ee ek Re eee 0 
July 16.. Oysters taken at Ped G ss ss Se hess a ee | 0 
July-19:-|' Ovsters taken at bed 3. .2.<cio22 302 coca. ee en ee | 0 
july: a oung oysters clinging to starfish mops at bed 2....-.....---..----2---2------se« | 4 

Mole ey edbe a Bflt. sea 2 Ti Gay Se Geely SA Bern) eee 
Sept. 13. Grice takenMrom Dewede. oor Gee se ect es Uata Pech Saint Se aa ana 0 

Do.. prexetets taken aij ved Git se e* Eee aCe REE ES a ee eae 0 
RESULTS. 


The results recorded in Table 2 show that the pink yeasts may also 
be found in oysters before they have been handled or brought in 
contact with infected objects. The number of positive results was 
not as great in the case of the oyster analyses as in the case of analy- 
ses made from the oyster house, only 10 oyster samples of the 38 
examined, or 26.3 per cent, showing the presence of the yeasts. 
There was also a decided difference in the number of colonies to 
be found on the plates made from samples from the two sources. 
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In no case were there more than two colonies of pink yeasts on one 
plate in the oyster samples, while the plates made from swabbings 
from the oyster house frequently presented a surface actually dotted 
with the pink colonies. An attempt to determine whether or not 
the infection was localized and whether oysters coming from particu- 
lar localities were infected failed. As the table shows, yeasts were 
recovered from oysters taken from beds 6 and 4, two areas which are 
widely separated, bed 4 being east of Prudence Island and bed 6 
some distance west of the island. No relation between the season of 
the year and the presence of the yeasts could be found, positive re- 
sults being obtained in midwinter as well as in midsummer. It is 
interesting to note that oyster samples taken from the deck of a 
schooner from Long Island on March 26 before these oysters had 
ever been in the waters of Narragansett Bay showed the presence 
of yeasts. It may be concluded from Table 2 that the oysters are 
infected before they reach the city, but a comparison of the results 
in Table 2 with those in Table 1 shows that the chance of infection 
is far greater in the house than down the bay. 


IN WATER. 


To determine whether or not the pink yeasts were to be found 
floating in the water of the bay or whether they were in the mud 
and soil on the bottom, analyses of surface and deep water samples 
have been made. 


METHOD OF OBTAINING AND ANALYZING SAMPLES. 


The surface water samples were collected in sterilized 14-ounce 
French tincture bottles in the usual manner. After the sample 
was collected, the bottle was labeled and set in a cool place, to be 
carried later to the laboratory. The samples were then plated ac- 
cording to the Standard Methods of Water Analysis on dextrose 
agar, and the plates incubated and examined as described on 
page 4. 

For collecting the deep water samples, which has presented more 
difficulties, a special apparatus, devised and used by the Rhode 
Island Shellfish Commission in its investigation of the waters of 
Narragansett Bay, was employed. It consists of a heavy piece of 
brass, 20 em. long by 4 cm. wide and 2 cm. thick. About 2 cm. 
from the top of the piece of brass is a slit. A knife edge fitted 
to slide over the back of the apparatus will pass over the opening 
of the slit. On the front of the brass piece are two clasps for hold- 
ing a special tube made from an ordinary test tube, which is heated 
in the flame and drawn out to a capillary point at right angles to 
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the body of the tube; the whole tube is then heated to drive out the 
air and sealed, forming a partial vacuum tube. The body of the 
tube is held in the clasps on the apparatus, and the capillary 
point passes through the slit and extends out in back. When ready 
to take a sample of deep water, the tube is placed in the clasps as 
described, and the apparatus, suspended from a strong cord, 
is lowered to the required depth. A heavy lead weight, which is 
pierced so that it will slide over the cord, is held in the hand until 
the apparatus is at the necessary depth. The weight is then al- 
lowed to slide down the cord. When it reaches the apparatus it 
strikes the sliding knife edge hard enough to cause the edge to slide 
down, breaking the capillary point of the tube. The tube will then 
fill up with water to about two-thirds of its capacity, and may be 
lifted up without any further water being taken in. In this man- 
ner a sample of from 15 to 25 ec. can be secured from any depth. 
Samples thus obtained were carried in a specially constructed rack 
to the laboratory. The tops of the tubes were then broken, pre- 
cautions being taken to avoid contamination, and the samples were 
analyzed in the same manner as surface water samples. 


TABLE 3.—Analyses of surface and deep water samples. 


Samples. Result. Samples. Result. 


Date. pect: dese re Date. pe eee eee 
Location. [yor | tive. | tive. | Location. |’ ber. | tive. | tive. 

1917 1917. 
Mar. 26|6......1(Beop 2] 9} o| of Jume 14] 2... Deeper eee Oke 
Apel: 4:62 cigars 1] 0] 19 || ume 21/6... rep] 68] |B 
Apr. 12 | 6...... Despetlae 13} 0) 13 Fume 28 | 4... peep nr 3) of 8 
Apr. 26 | 7...... Dee es 10} 0] 19 | June 28) 4...... (Deep e)| dahl Deer 
Ds |36o32.-:W asp it zl sy) 12 || Jat 8) B.-WBeee alee ae ape 
May 22 |dielcemegs ere ilmiatdiscip'|, lab] Sal] S| S--oe-paget ss alg alegre | nee 
May 24 | 6......{puiaee----- 3} of ituy 9)2-.--Hpepe cd 8} Of 8 
May:i29]| Shee ateeaae oil) Dell ea (volume SUI EE es ae pees 8} 0] 8 
Mag :3t||,6...c1H pee Tice Blew Slgai-aqh duly 1G.) 6222. en s|-o| 8 
June 4)p6 <2, Hounaee Bile) ert ig 4 SMFS [82> encircle te 
Jane 8|.6..... peop 11 Bl oacp |) 28, || Taly 24] -2.- lean veel a hele eepela 
Jemeeaa |8.se05 (SAO aly Beg Gil acehl ialaenet ee 2m cee) oct tae ne 

rd | 
RESULTS. 


The analyses of water samples give a much smaller number of 
positive results than do analyses of the oysters or swabbings from 
the oyster house. But 2 positive samples of surface water have 
been found in the 71 samples examined, or 2.8 per cent, and but 7 
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positive samples of deep water in the 194 examined, or 3.6 per 
cent. The great difference in the number of positive samples ob- 
tained from the various sources is apparent when the percentages 
are compared, 73.9 per cent in the house, 26.3 per cent in oysters, 
3.6 per cent in bottom samples, and 2.8 per cent in surface samples. 
In all the positive cases the number of colonies on the plates was 
very small in comparison with the number found when examining 
the oyster house. The water of Narragansett Bay may be consid- 
ered almost a negligible factor in the contamination of the oysters 
with the pink yeast. Beds 1 and 7 are widely separated, and 
extend from above Conimicut Point to the lower part of the bay. 
Hence in Table 3 it may be noted, as in Table 2, that the positive 
samples were obtained from areas a great distance apart, and no 
conclusions can be drawn as to the distribution of the organism 
in particular localities. 

A record of the weather conditions and the temperature of the 
water has been kept, in the hope that some relation might be found 
between such conditions and the presence of the yeast, but the very 
small number of positive results obtained and the fact that these 
positive results were obtained from localities distant from each 
other has made such data of no value. It may be said,. however, 
that, as far as can be deduced from the data at hand, there is ap- 
parently no relation between the tide, wind, and current and the 
distribution of the pink yeast in the water. 


IN MUD. 


METHOD OF COLLECTING AND ANALYZING SAMPLES. 


Whenever the bottom was soft and muddy it was a simple mat- 
ter to obtain the sample. A large dredge was dragged along over 
such bottom, and then hoisted to the side of the steamer, while a 
small amount of the material was taken from the dredge by means 
of a sterile spoon and transferred to a sterile glass jar. When the 
bottom was hard and sandy, a greater length of chain was let out 
on the dredge and the speed of the boat was slowed down as much 
as possible. If the dredge was left down long enough there was 
no difficulty in securing enough of the sand for analysis. The 
glass jars containing the samples were placed in the refrigerator 
on the boat until they could be taken to the laboratory. Samples 
of mud and sand were analyzed according to the usual methods of 
soil analysis. A small amount of the material, taken from the 
jar with a sterile spatula, was thoroughly shaken with 10 cc. of 
sterile water, and dilutions of this mixture were made. Since the 
eXamination was not quantitative, no attempt was made to weigh 
out or measure known amounts of the muddy material. The plate 
cultures were made as before described, and examined daily. 

140536°—20—B ull. 8192 
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RESULTS. 


In no case was the pink yeast recovered from the 20 samples of 
mud and sand collected. It may be concluded that the soil on the 
bottom of the bay is not a factor in the contamination of the oysters 
with the pink yeast. 

A discussion of the distribution of the yeast and its relation to 
the oyster industry, together with recommendations for its control, 
is given on page 21. 


EXPERIMENTAL PRODUCTION CF PINK COLOR IN OYSTERS. 


In order to prove conclusively that the pink yeast is the cause of 
the pink color in shipments of shucked oysters, several experiments 
were undertaken to produce the color by the introduction of cultures 
of the organism into Jars of normal oysters. 

Two gallons of oysters, obtained in the market, were divided among 
9 glass jars. Five cubic centimeter amounts of a pink yeast culture, 
grown in an oyster broth medium for + months, were introduced into 
6 of the jars. The remaining 3 jars were held as controls. Two in- 
oculated jars and a control jar were placed in the cold storage at 0.5° 
C., in the refrigerator at from 8 to 10° C., and directly on the ice at 
about 5° C. These jars were examined daily, the presence or ab- 
sence of a pink color noted, and the temperature within the jars re- 
corded. At the end of the first week the oysters in the jars on the 
ice and in the refrigerator were decidedly pink. There was no pink 
color in the jars of oysters used as controls. At the end of one 
_ month the oysters in the cold storage at 0.5° C. were slightly pink, 
while the control oysters were not pink. The pink yeast was recov- 
ered from each jar which showed a pink color. In each jar, how- 
ever, the oysters were spoiled and very sour by the time they were 
pink. The oysters used for the experiment were shucked with their 
own liquor, and were delivered to the laboratory without being 
washed. They contained a large amount of dirt and many bacteria 
in the mucus which, without doubt, brought about the rapid spoilage. 

In order to produce the pink color in oysters properly washed 
and shipped the following experiment was carried out. A trip was 
made to a near-by city and 3 gallons of oysters purchased at the 
packing house. These oysters had been carefully shucked and 
washed in a blower, and then placed in new, clean 1-gallon cans. 
Into each of two 1-gallon cans of oysters were introduced about 25 
ce. of a 10-day oyster broth culture of the pink yeast. The third 
can was left as a control. The cans were closed and packed in a 
wooden box with cracked ice, and shipped to the laboratory just as 
they would be shipped to the retailer. These oysters were 5 days in 
reaching the laboratory, and when they were received they were 
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light pink in color. The control can was normal. All 3 cans were 
placed in cold storage, and in 2 days the 2 cans were decidedly pink, 
the control remaining normal. In this experiment also the pink 
yeast was recovered from the pink oyster liquid. 

These experiments, together with the fact that the pink yeast 
was isolated from every shipment of pink oysters examined, are 
good evidence that the pink yeast is, without question, the cause 
of the pink color in shucked oysters. The experiments have also 
shown that when oysters are pink they are close to the stage of spoil- 
ing, as it takes 5 or 6 days for the color to develop at a temperature 
of about 10° C. When kept at a temperature as low as 0.5° C. about 
1 month is required to produce the pink color, in which time the 
oysters become decidedly stale, 


MORPHOLOGY OF THE PINK YEAST. 


Shape and size.—Elliptical. Maximum measures 9.8 by 7 micra; 
minimum measures 4.1 by 2.8 micra.. Average measurement, 6 by 4 
micra. No mycelium. Often grouped in gelatinous framework. 
Granules, fat globules, and vacuoles present. Budding forms com- 
mon. 

Sporulation—Yeast grown for 1 month on sterilized gypsum 
blocks and examined at intervals showed no spores, either when 
unstained or when stained with carbol fuchsin. 

Staining reactions.—Stains readily with methylene blue, safranin, 
or gentian violet. Not acid fast. Staining by Gram’s method is 
very similar to that reported by Henrici (1914). Decolorized with 95 
per cent alcohol, the cells are Gram positive, but a few cells in the 
field are partly decolorized, showing a number of fine black par- 
ticles in a red matrix. When 30 per cent acid (HCl) alcohol is used 
the cells are completely decolorized. 


CULTURAL FEATURES OF THE PINK YEAST. 


Temperature —Optimum temperature, 22° C. Wiil not grow at 
37° C. Grows at 6° C., but growth not as abundant nor as charac- 
teristic as at 22° C. 

Dextrose broth—Growth first appears as precipitate in bottom of 
tube. Later a ring forms around wall of tube at surface of medium. 
Precipitate flocculent. No film formation. 

Dextrose agar slant.—Growth along the streak, heavy, moist, and 
glistening. Later growth collects at base of slant in heavy mass. 
Growth of slimy consistency. 

Gelatin stab—Growth fair. Uniform along the stab. Pigment 
production not pronounced. No liquefaction. 

Dextrose agar colonies.—Visible about third or fourth day. Round, 
smooth, moist, and glistening. 
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Litmus milk.—Same as broth cultures. No coagulation nor pep- 
tonization. 

Blood serum.—Growth moderate. Similar to agar slant. No 
liquefaction. 

Potato—Growth moderate. Similar to agar slant. No destruction 
of starch. 


BIOCHEMICAL FEATURES OF THE PINK YEAST. 


ACID PRODUCTION. 


To determine whether or not acid was produced by the pink or- 
ganism, cultures were made in various carbohydrate media, and 
titrations made daily. Dextrose, maltose, lactose, raffinose, saccha- 
rose, and glycogen broths were used. Of these the first four were 
prepared according to the standard methods of the American Public 
Health Association. 

Inasmuch as the pink yeast was found growing in and was iso- 
lated from oyster liquor which contains a large amount of glycogen, 
it was thought necessary to test its acid production in this car- 
bohydrate. Owing to the scarcity of glycogen in pure form and tothe 
difficulty in preparing it, a special medium containing glycogen 
was made. An infusion of oysters was prepared by infusing finely 
ground oysters over night with double the quantity of water. The 
mixture was allowed to boil for 2 minutes over the flame, after 
which it was strained through a cloth. To the resulting oyster in- 
fusion 1 per cent peptone was added, and the broth made neutral. 
As oysters contain glycogen in amounts varying from 3 per cent 
to 25 per cent of the total solids according to the season, food supply, 
etc., the broth prepared no doubt contained a fairly high percentage 
of glycogen. Growth in this oyster broth at room temperature re- 
sembles the conditions under which the yeast occurs, and it is of 
special interest to test for acid production in this medium. AI] these 
media were titrated after sterilization and before inoculation. There- 
after titrations of the cultures and controls were made daily for 7 
days. The titrations were made against N/20 sodium hydroxid, using 
phenolphthalein as an indicator. 

In addition, acid production was determined in cultures grown 
anaerobically, in order to approximate the conditions afforded for 
the growth of the pink yeast in oysters packed in sealed glass jars. 
The cultures were grown under paraiiin oil and titrated daily as de- 
scribed. 

In none of the carbohydrate media used was there any acid pro- 
duction by the pink yeast when grown either aerobically or anaero- 


bically. 
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ALCOHOL, ALDEHYDE, AND ACETONE PRODUCTION. 


The production of alcohol in sugar solutions is without doubt the 
best known of all properties of the yeast plant. Alcoholic fermenta- 
tions due to the growth of fungi have been known for a long time, 
and it was because of the alcoholic fermentation of sugars that the 
true yeasts were given the name Saccharomycetes. One of the dis- 
tinguishing features of the Torule or pseudo yeasts, however, is the 
fact that they cause alcoholic fermentation to a very slight degree or 
not at all. In studying the pink yeast, experiments were conducted 
to determine whether or not this organism produces alcohol in various 
sugar media. 

The pink yeast was grown at room temperature in dextrose, levu- 
lose, maltose, lactose, galactose, raffinose, arabinose, saccharose, gly- 
cogen, inulin, and dextrin broths for 72 hours with controls. At the 
end of the incubation period the cultures and controls were attached 
to a condenser and distilled. The distillate was tested for alcohol, 
aldehyde, and acetone by routine methods, and no positive results 
were obtained. Applied to a culture of a known alcohol-producing 
yeast these methods gave positive tests. The pink yeast does not give 
the test for alcohol, aldehyde, or acetone when grown under the con- 
ditions described, but whether small amounts of these compounds 
may be formed under other conditions was not determined. 


GAS PRODUCTION. 


Experiments were also conducted to determine the gas production 
of the pink yeast. Dextrose, maltose, lactose, raffinose, saccharose, 
and glycogen broths were prepared as described. Fifteen cubic centi- 
meters of each medium were used in Dunham fermentation tubes. 
After inoculating with the pink yeast the tubes were incubated, with 
controls, at room temperature, and for 7 days examined for the pro- 
duction of gas. Cultures were also grown anaerobically under 
paraffin oil. 

In none of the tubes was any gas produced in 7 days. The tubes 
were reserved for the examination at a later period, and no gas pro- 
duction was observed for 21 days. 


ENZYME PRODUCTION. 


Enzyme production is a property possessed by many yeasts. Most 
of the true yeasts produce invertase, which inverts saccharose to 
dextrose and levulose. Certain yeasts also produce protease and 
diastase. Experiments were conducted to determine whether or not 
protease, diastase, invertase, or rennin are produced by the pink 
yeast. 
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Protease.—Fifty cubic centimeters of blood serum and milk serum, 
filtered through a porcelain candle, were prepared, inoculated, and 
incubated at room temperature for 3 days. For contre] purposes cul- 
tures of B. proteus, which 1s known to produce a proteolytic enzyme, 
were also made, and flasks of serum which had not been inoculated 
were likewise incubated with test cultures for controls. At the end of 
the incubation period the liquid was made faintly acid with acetic 
acid, and boiled to precipitate the unaltered proteins. These were 
filtered out, and the filtrate was tested for polypeptids, peptones, 
tyrosine, and tryptophane with copper sulphate and sodium hydroxid, 
Millon’s reagent and glyoxylic acid. 

Diastase.—Tube cultures of the pink yeast were prepared in sugar- 
free broth. As controls, cultures of B. subtilis, which produces dias- 
tase, and sterile broth tubes were incubated for controls, and all the 
cultures were incubated at room temperature for 3 days. A thin 
starch paste with 2 per cent thymol was prepared, and equal parts 
of the cultures and the paste were mixed. The mixtures were incu- 
bated for 6 hours at 37° C., and then filtered. The filtrates were 
tested for sugar with Fehling’s solution. 

Invertase.—In testing for the production of invertase, tube cul- 
tures were made of the pink yeast in sugar-free broth as in testing 
for diastase. Cultures were also made of the Saccharomyces cere- 
visie, Which inverts saccharose,.and uninoculated cultures were in- 
cubated for controls. A 2 per cent saccharose solution was made, 
and 2 per cent phenol added. Equal parts of the cane-sugar solution 
and the cultures were mixed and allowed to stand for several hours. 
They were then filtered, and the filtrates tested for reducing sugar 
with Fehling’s solution. 

Rennin.—Tube cultures of the pink veast and of B. prodigiosus 
were prepared in sugar-free broth, and incubated for 3 days with 
uninoculated cultures for controls. At the end of the incubation 
period the cultures were heated to a sufficient temperature to sterilize. 
By means of a sterile pipette 5 cc. of the culture were introduced 
into each of 3 litmus milk tubes. The litmus milk tubes were placed 
in the incubator at 22° C., and examined daily for 10 days. 


TABLE 4.—Eneyme production. 


Enzyme. | Organism. Result. Enzyme. | Organism. Result. 
| 
Pink yeastil!. {22Le ze 0) Pink yeast: -. SiS es a 
PTOLCASC Se . ses 'B DIOLEUS se on eo ees + | Invertase.....- |, Sacch. cerevisiz.........- +2 
| Controltsts it ets. - 0 | | (Control i. . Joo eee 0 
{Pink yeastts 142 5GT) #55 | 0 | {Bink yeaSts2.-2: .~. 98 | 0 
DiaStASe osek ss. BS GSUULILIS ss: Base e we + |} Rennin........|)B. prodigiosus.......-...- _ 
0 


ControtlaJti 325-25 -2 07 | Controkc/2 3. 22s 
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‘The results in the table indicate that no proteolytic, diastatic, nor 
milk-coagulating enzyme is formed by the pink yeast, but that the 
yeast does produce invertase which changes saccharose to dextrose 
and levulose. 

INDOLE PRODUCTION. 


_ In order to test for the production of indole by the pink yeast, cul- 

tures were grown for 15 days in tryptophane broth at room tempera- 
ture, with controls, and were tested daily. The tests were made with 
paradimethylaminobenzaldehyde and hydrochloric acid. No posi- 
tive tests were obtained. 


AMMONIA PRODUCTION. 


The power of the pink yeast to reduce nitrates to nitrites and am- 
monia was tested. The yeast was grown in peptone-nitrate solution 
for 10 days, and from the fifth to the tenth day the cultures and con- 
trols were tested for the presence of nitrites and ammonia. Sul- 
phanilic acid and a-naphthylamin were used in testing for nitrates, 
while Nessler’s reagent was added to the cultures in testing on 
ammonia. 

TasLE 5.—Production of nitrites and ammonia, 


Result. 
Organism. 6 days. 7 days. 8 days. | 9 days. 10 days. 
Ni- Am- Ni- Am- Ni- Am- Ni- Am- Ni- Am- 
trites. | monia.| trites. | monia.| trites. | monia.| trites. | monia.| trites. | monia. 
Binkeyeast 4-255. : te + ep Ef apeiesat ey Se js af 4 
Controlsesa-- 22 e ee 0 0 0 0 | 0 0 0 0 0 ee 


The results of the experiments show that the nitrates in the cul- 
ture medium are reduced to nitrites and ammonia. 


PHENOL PRODUCTION. 


Cultures were prepared in nutrient broth in flasks containing at 
least 50 cc. of medium, and were incubated at room temperature for 
3 days with controls. At the end of the 3 days 5 ce. of 25 per cent 
sulphuric acid were added to the culture, and the mixture was dis- 
tilled. The distillate was tested with Millon’s reagent, ferric chlorid 
solution, and bromin water. Both the test and control cultures gave 
no indication of phenol. 

PIGMENT PRODUCTION. 


When grown under favorable conditions, the yeast’ produces abun- 
dant pink pigment. The most abundant pigment production is ob- 
tained when the yeast is grown upon solid sugar media at room tem- 
perature. The pigment is also produced in liquid media, but in much 
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smaller quantity than on solid media. When grown at refrigerator 
temperature no pigment is produced until the fourth or fifth day, 
and then only a very slight amount. The pigment is not red or rose- 
colored, as the name “red Torula” or “red yeast” often given to 
the organism by investigators would indicate, but is more nearly the 
color of the ordinary pink coral. Its color matches the Orange Red 
Tint No. 1 of the Bradley educational colored papers. Chapman 
(1916), who studied the coloring matter of “ red Torulae.” has found 
it to be a substance similar to carotin. In the present investigation 
of the pigment of the yeast an attempt has been made to determine 
first a method of dissolving it, and, second, its solubility in various 
substances. After several experiments with different methods the 
following manner of dissolving the pigment has been found most 
productive of results. The yeast was grown on large agar slants for 
3 days at room temperature, at the end of which time the growth was 
transferred to a small mortar and thoroughly ground with fine sand 
to break the yeast cells. After grinding with the sand the mixture 
was kept at about 40° C. until completely dried, and then ground 
again with the solvent to be tested. The mixture was filtered, and if 
the pigment was soluble the filtrate obtained was of a clear pink color. 

Using this method, it has been found that the coloring matter is 
insoluble in hot and cold water, is slightly soluble in alcohol and car- 
bon disulphid, somewhat more soluble in chloroform, and very 
soluble in ether. As such solutions of pigment slowly lose their color 
upon standing in the light, at the end of 2 weeks the chloroform and 
alcohol solutions were colorless. Ether solutions left standing in the 
light for 1 month are completely decolorized. 


PHYSICAL FEATURES OF THE PINK YEAST. 


RELATION TO OXYGEN. 


Five methods were used in studying the growth of the pink yeast 
under anaerobic conditions. 

Method 1 (Hesse’s method).—Stab cultures were made in dextrose 
agar, choosing for the purpose a straight tube containing a deep 
column of medium and thrusting the inoculating needle to the bot- 
tom of the tube. A layer of sterile paraffin oil, 1 to 2 cm. deep, 
was poured on the surface of the medium, and the culture was in- 
cubated at room temperature with a control tube of agar which had 
not been inoculated. 

Method 2.—A tube of agar was liquefied by heat, poured into a 
sterile Petri dish, and allowed to solidify. The surface of the medium 
was inoculated with the pink yeast in one spot only. A cover slip 
was taken from a jar of alcohol with sterile forceps, and the alco- 
hol burned off in the flame. The sterile cover slip was lowered on 
the medium over the inoculated spot, carefully excluding air bub- 
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bles, and was then pressed down firmly with the points of the for- 
ceps. This plate was incubated at room temperature with a con- 
trol plate. 

Method 3 (Rousx’s physical method)—Tube cultures of liquid 
media were prepared as usual, and some of the inoculated media was 
aspirated into capillary pipettes. The ends of the capillary 
pipettes were carefully sealed in the flame, and the pipettes with their 
controls were incubated at room temperature. 

Method 4 (Buchner’s method).—Tube cultures were prepared as 
already described. Ten cubic centimeters of “acid pyro” solution 
were placed in a large Buchner’s tube, and to this was added 1 cc. 
of N/10 sodium hydroxid, or 2 cc. of N/20 sodium hydroxid. The 
inoculated tube was placed inside the Buchner tube, and the mouth 
of the tube fitted tightly with a moistened rubber stopper. The 
tubes were incubated with controls. 

Method 5 (Wright’s method) .—After tube cultures had been pre- 
pared as usual, the portion of the cotton-wool plug projecting above 
the mouth of the tube was cut off with scissors, and the plug pushed 
into the tube for a distance of 2 or 3 cm. By means of a pipette 
about 1 cc. of 10 per cent aqueous solution of pyrogallic acid was 
dropped onto the plug. It was absorbed immediately. By means 
of another pipette, an equal amount of N/10 sodium hydroxid was 
introduced, and the mouth of the tube quickly closed with a tightly 
fitting rubber stopper. The tube was incubated at room tempera- 
ture with a control tube. 

All these tubes were examined daily for 7 days, and the growth 
of the yeast recorded (Table 6). 


TABLE 6.—Anaerobic growth of the pink yeast. 


Growth. 
Method. Organism. ina 
24 48 72 96 120 144 168 

hours. | hours. | hours. | hours. | hours. | hours. | hours. 
i eae as iIPinkeveastacere sce pee se en a eee =f de a aL iL, ate AE 

Controley nee eee eee ess one 0 0 0 0 0 0 0 
Be hao oS lee Pink yeaSt....-......-----.--+--.- + + + +] +H] ++ +4 
Control a Oe a oe 0 0 0 0 0 0 0 
5 rene ale PIN VCASb.. dacs. Wace ete ei + + a + + ++ ++ 

. GOnETO es asec ne aie ere ene 0 0 0 0 0 0 0 
RE Pine Veastneeemun ce ee sen + + + + -+ ++ ++ 
COntrolee ee ere ee ete 0 0 0 0 0 0 0 

Dae are alae 2 INR VCASUC Rieti sees wen cate eye 0 0 0 + ae oe se 
Controls we ee: SPS ey a ee 0 0 | 0 0 0 0 0 


In the table a double plus sign (+-++) indicates a very abundant 
growth of the yeast. It is evident that the pink yeast grows readily 
when oxygen is excluded from the culture. The production of the 
pigment is in no way affected by the absence of oxygen. 
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RELATION TO TEMPERATURE. 


As has been stated previously, the pink yeast grows best at room 
temperature (21° to 25° C.), whereas no growth occurs in the 
37° C. incubator. The yeast grows but sparsely at refrigerator 
temperature (6° C.), and with but slight pigment production, the 
bright pink color appearing only after several days. 

THERMAL DEATH POINT. 


In view of these facts, it was assumed that the thermal death point 
of the yeast would be low, so that in determining this temperature 
the start was made at 36° C. The method used was taken from the 
Standard Methods of Water Analysis of the American Public Health 
Association. A 48-hour-old culture grown at room temperature was 


used. 
TABLE 7.—Thermal death point of the pink yeast. 


Result. Result. 
Tem- Tem 
per- per- 
ature.| 1 2 Slee 5 6 7 | ature. 2 3 4 5 6 7 
day. | days.| days.| days.| days.| days.| days. day. | days.| days.) days.| days.| days.| days. 
2G: °¢, 
48 + + Sel eer ee | ee el as ee lec 58 0 0 + + + ae | SRS 
50 0 0 + +} +E] ++] ++ 60 0 0 + + + +] ++ 
52 0 0 + + + t 62 0 0 + + ap | ses= 2255 
54 0 0 =i + + + + 64 0 0 0 0 0 0 0 
BBO] OF Ee 4 ee SR Nees] < hore: OFS Og ott Oem 0 


\ 


In Table 7, + indicates that the yeast was living in the tubes 
after exposure to the heat, and 0 indicates that there was no growth. 

The temperature of 36° C., at which the experiment was started, 
was very much too low, and the heat had no apparent effect on the 
yeast up to 48° C. The temperatures below 48° C. are therefore 
omitted from the table, as are the records of the control tubes in — 
which there was no growth. By raising the temperature of the bath 
2 degrees at a time it has been found that the thermal death point 
of the yeast is 64° C. There is apparently no relation between the 
optimum temperature of the yeast and its thermal death point. 
In working on the thermal death point of the true yeast used in 
bread making, Wells (1917) found that the thermal death point 
of yeast in bread making is approximately 68° C., shghtly higher 
than was found by the author to be the case with the pink yeast. 

RELATION TO REACTION OF MEDIUM. 


Experiments on the relation of the growth of the pink yeast to 
the acidity or alkalinity of the culture medium were conducted to 
determine the limits of alkalinity or acidity at which the yeast would 
grow; also to find the optimum reaction. Dextrose broth was pre- 
pared, and divided into 60 cc. portions. The various portions of 
media were titrated, and the reactions corrected, so that amounts of 
media were obtained with titre varying from —9 per cent alkaline, 
to +10 per cent acid. 
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Each portion of the different media was titrated after sterilization, 
and the titre recorded. The tubes were then inoculated with the 
pink yeast, incubated at room temperature with control tubes of 
the same reaction, and examined for 7 days. The growth in each 
tube was recorded. 


TABLE 8.—Relation of growth of the pink yeast to reaction of the medium. 


Reaction. Growth. 
Before After A 
steriliza- steriliza- 24 hours. | 48 hours. | 72 hours. | 96 hours. ee 7 = Apa 
tion. tion. 
i — 0.8 + + +-++ ++ SPS AR 
Neutral. + 0.3 ae Arar SESE ar sPainar drartearae. lo Sracarar sl} aeseorar 
+1 + 1.0 + a ++ qe ar Ss ears al Ses aris 
+ 2 + 2.0 + + Staats ate +-- Sar or. | aparspae 
+3 + 2.8 + + APA SPARE testa cle techni ote ate atest 
+4 + 3.9 + + ae aE oF 
+5 + 4.8 + + ap a + ar 
+ 6 + 5.6 + an + + + + + 
+7 + 7.0 + + ot an =e + + 
+ 8 + 7:7 + + + ar + =e an 
+9 + 9.2 + + + + + + ar 
+10 +10.5 0 0 + ai ata = + 


The terms used in describing the growth in Table 8, which are 
comparative only, are as follows: Very slight to slight (++); fair 
to very fair (+-++); good to very good (+-+-+) ; excellent to heavy 
(+++-+). No growth appeared in any of the control tubes. Nor 
did growth occur in any medium the reaction of which was less 
than — 0.8. The growth in the acid media was very slight in the 
cultures which contained acid to a greater extent than 2.8 per cent. 
The best growth was obtained in media the reaction of which was 
between +0.3 and +2. In the cultures the reaction of which was 
-+10.5 the growth was barely discernible, and this may be taken 
as the limit of acidity. 

RESISTANCE TO DESICCATION. 


Yeasts, in general, are very resistant to drying, and this has been 
found to be the case with the pink yeast. Pasteur (1879) studied 
a yeast which continued to grow after being dried for 1 year. 

The pink yeast was dried on glass rods in a specially constructed 
drying-box. This consisted of a wooden box, the cover of which 
was perforated. Each one of the holes in the cover of the box was 
plugged with cotton, and the whole apparatus was sterilized in the 
autoclave at 15 pounds for 15 minutes. Corks which would fit the 
holes in the cover of the box were selected, and small glass rods were 
inserted in the corks. These were sterilized in the autoclave also. 
Yorty-eight-hour-old cultures of the pink yeast were made in dex- 
trose broth. The sterile rods were dipped in these cultures, and the 
rods, with some of the culture adhering to them, were suspended in 
the sterilized box. Each day one of the rods was removed from 
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the box, and the yeast which was dried on it washed off in dextrose 
broth. As each rod was taken from the box the hole was plugged 
with a sterile cotton plug. The tubes of broth in which the dried 
rods were washed were incubated at room temperature, and observed 
for the growth of the yeast. 

Up to July 1, 1918, the yeast was recovered in pure culture from 
rods suspended in the drying-box for 100 days. The fact that dry- 
ing under atmospheric conditions apparently has no effect on the 
viability of the pink yeast helps to explain why the yeast, after be- 
ing dried in oyster bins, etc., for several months, will readily grow 
when placed in a favorable environment. 


RESISTANCE OF THE PINK YEAST TO DISINFECTANTS. 


Karly in the study of the pink yeast an attempt was made to find 
a disinfectant with which the infected objects in the oyster house 
could be washed as a method of controlling the development of the 
yeast. It was necessary to use a chemical which would in no way 
be injurious to the oysters should it come in contact with them, or 
harmful to the consumer in case such oysters were eaten. 

Chemicals employed in the disinfection of water, such as calcium 
hypochlorite, or bleaching powder, and copper sulphate, were first 
used. Neither of these proved efficient in dilutions such as it was 
feasible to use. Since the yeast was known to be surrounded by a 
capsule, probably of a lipoid nature, soap and soapine solutions were 
tried, in the hope of breaking the capsule and thus killing the yeast. 
When this failed, copper sulphate was mixed with the soap solution 
in the belief that the soap might break the capsule and allow the 
copper sulphate to act. This treatment, however, had no effect on 
the viability of the yeast. A coal-tar disinfectant in a dilution of 
1 to 1,000 parts was not effective, and sodium sulphite and copperas 
in low dilution were also found to be without effect. Formalin, 
which was not used at first because of its odor and the fact that 
molds often grow readily on it, was finally resorted to. It was 
found that formaldehyde gas present in 1 to 2,500 parts of water 
quickly kills the yeast. 

In testing the effects of disinfectants on the yeast, the following 
method was employed: The yeast was grown in 9 cc. amounts of 
dextrose broth for from three to five days. The disinfectant to be 
tested was diluted in such a manner that 1 cc. added to the 9 ce. of 
culture would give the required dilution. In the case of calcium 
hypochlorite the amount of available chlorin was first determined, 
and dilutions prepared which contained known amounts of the 
chlorin. When testing formalin, dilutions were made from the com- 
mercial 40 per cent solution, and the amount of formaldehyde gas 
in the final dilution was computed. The cultures to which the dis- 
infectant had been added were set aside for known lengths of time; 


A PINK YEAST CAUSING SPOILAGE IN OYSTERS. 21 


then subcultures were made on dextrose agar slants. These agar 
cultures were examined daily for the growth of the yeast. 

After it was found that formaldehyde, 1 to 2,500, would kill the 
yeast in broth cultures, this disinfectant was applied to the oyster 
house. Early in the morning the bins and benches of the opening 
house were swabbed, and the pink yeasts were recovered from the 
swabs. The bins and benches were then scrubbed thoroughly by 
means of brooms and running water from a hose. Following the 
scrubbing the woodwork was washed down with formaldehyde solu- 
tion, and the bins left unused during the day. Later in the after- 
noon the bins and benches were swabbed again, and no pink yeasts 
were obtained. 

It is apparent that if this procedure is followed the principal 
source of contamination can be removed. It is well to leave the 
formaldehyde solution on the woodwork overnight or during the 
entire day. The same procedure may be followed in washing the 
tubs, wheelbarrows, and other contaminated objects in and about 
the oyster house. 

DISCUSSION OF RESULTS. 


In discussing the relation of the pink yeast to the oyster industry 
it will be well to consider the method of handling the oysters in pre- 
paring them for shipment, as practiced in most of the establishments 
in Rhode Island where this study was conducted, to note the possibili- 
ties of contamination with the pink yeast in the process, and draw 
some conclusions from the data already collected as to the source of 
the contamination. 

The oysters are caught in large dredges and dumped on the deck 
of the boat, after which they are shoveled back along the deck to a 
large pile amidship. The day’s catch of oysters is taken to the oyster 
house, and unloaded by shoveling the oysters into wooden tubs in 
which they are carried back into the house and dumped into bins. 
The oysters are opened into metal dippers and taken to the wash- 
room to be cleansed and iced for shipment. They are first washed on 
a skimmer with fresh water from a hose, then put into tubs of salt 
water for 15 minutes, at the end of which time the salt water is re- 
placed with fresh water, and a piece of ice added. When the oysters 
are thoroughly chilled they are washed on a second skimmer with 
salt water. The oysters, thus washed, are measured into 1-, 2-, or 5- 
gallon cans, and covered with a tight-fitting tin cover which is not, 
however, air-tight. These cans, which are cylindrical, are packed in 
square wooden boxes of the proper size to hold the can, leaving a 
space in each corner which is filled with cracked ice. The cover of 
the box is nailed on, and the oysters thus packed are shipped. 

As stated elsewhere (page 1), oysters packed in this way and sent 
for long distances are often pink when they reach their destination. 
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The possibilities of contamination in the process of handling just de- 
scribed may now be considered. Disregarding, for the moment, the 
fact that the oysters may contain the yeasts when taken from the beds, 
it may be noted that they are immediately brought in contact with the 
deck of the boat, which is known to be infected. This, then, is one 
possibilty of contaminating the outside shell of the oyster. Later 
the oysters are placed in tubs, wheelbarrows, and bins which are also 
known to be infected, presenting further opportunities for contamina- ~ 
tion. From the time that the oysters are taken from the water until 
they are opened in the oyster house there is every chance for the out- 
side of the oyster shell to become contaminated with the pink yeast, 
but practically no chance for the contents of the oyster shell to be con- 
taminated, since the oyster closes its shell and remains tightly closed 
during the process of handling. On opening the oysters, however. 
some of the dirt on the outside of the shell is unavoidably transferred 
to the dipper of opened oysters. Although these oysters are thor- 
oughly washed, small organisms like the pink yeast are not easily 
washed off, and may be carried along into the shipping cans. 

The data collected show that the house, the boats, and the utensils 
within and about the house are heavily infected with the pink yeast, 
that no yeasts were found in the mud at the bottom of the bay, and 
that yeasts were present in a very small number of the water samples. 
While it is true that some oysters when taken from the water contain 
small numbers of pink yeast, such oysters are not often found, and it 
is not probable that this is an important source of infection. The re- 
sults of this investigation indicate that the source of the trouble lies in 
and about the oyster house. If measures are taken for preventing con- 
tamination there, the trouble from the pink yeast will be eliminated. 

The fact that the pink yeast is occasionally found in water sam- 
ples and on oysters taken from the oyster beds may possibly be 
explained in the following manner. Every season oysters are 
brought to the oyster house, where they are culled, and then taken 
back to the oyster beds. Such oysters are contaminated in the 
process of handling and no doubt carry back the pink yeast with 
them to the bay. <A further explanation, which seems more prob- 
able, is that. the shells that are carried down the bay and planted 
in the summer may be bearers of the pink yeast. After opening 
the oysters in the oyster house the shells are dumped in a large pile 
on the adjacent grounds and left there until June or July, when 
they are taken to the oyster beds and planted in order to give a 
smooth, clean surface for the oyster spat and also to furnish cal- 
cium salts for the growing oyster. These shells are contaminated 
with the pink yeast after passing through the house, and it 1s known 
that the pink yeast grows aboundantly in the shells and in the 
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moisture which collects at the bottom of the pile during months 
in which they lie in the yard. When these shells are taken to the 
beds it is probable that large numbers of the pink yeasts are carried 
with them. 

As a method of control it is recommended that all the bins, 
benches, tubs, ete., be scrubbed thoroughly with water and then 
washed with a 0.04 per cent solution of formaldehyde gas, which is 
equivalent to 1 part of formaldehyde to 2,500 parts of water. Such 
a solution may be prepared by adding 1 part of commercial formalin 
to 1,000 parts of water. The washing should be done in the fall, 
before any oysters are brought to the opening house; and bins, 
benches, tubs, etc., should also be washed several times during the 
winter whenever convenient. 


SUMMARY. 


1. The organism causing a pink color in shipped oysters is a yeast- 
like fungus. 

2. This pink yeast was found in large numbers in the oyster house 
and on the utensils in and about the house. Of the examinations of 
the house and utensils 73.9 per cent were positive. 

3. The yeast was found less frequently in oysters before they were 
brought to the oyster house. Of the oyster samples analyzed 26.3 
per cent were positive. 

4. Occasionally the yeast was found in deep and surface water 
samples from the oyster beds. Three and six-tenths per cent of the 
deep samples and 2.8 per cent of the surface samples were positive. 

5. The yeast was not found in mud samples from the bottom of the 
bay. 

6. The yeast is elliptical, measuring 6 by + micra. It reproduces 
by budding and does not form spores. Staining by Gram’s method 
is peculiar. 

7. The yeast grows at room temperature (21° to 25° C.), and 
does not grow at 387° C. The best medium for its growth is dextrose 
agar, although it can be grown on gelatin, potato and blood serum, 
and in broth and milk. 

8. The yeast does not produce acid, gas, nor alcohol in carbohy- 
drate media. It inverts saccharose. It does not produce indole nor 
phenol. It reduces nitrates to nitrites and ammonia. 

9. The yeast produces a pink pigment which is insoluble in water, 
slightly soluble in alcohol and carbon disulphid, somewhat more 
soluble in chloroform, and very soluble in ether. 

10. The yeast grows abundantly in the absence of oxygen. Its 
thermal death point is 64° C. The limits of alkalinity and acidity 
for its growth are —0.8 and +10.5. It grows best between --0.3 and 
-+2.0, It resists drying for at least 100 days. 
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11. Formaldehyde gas, 1 part to 2,500 parts of water (0.04 per 
cent solution), kills the yeast. 

12. The pink yeast belongs to that group of yeast-like forms called 
Torule. Since the complete life cycle of the Torule is unknown they 
are placed among the Yung? Imperfecti. 

13. The principal source of contamination of oysters with the pink » 
yeast is in the process of handling in the oyster house. 

14. The shell pile of the opening house is a favorable place for the 
yeast to grow, and when the shells are later deposited on the oyster 
beds they serve to distribute the yeasts in the water. 

15. For the purpose of preventing the infection of opened oysters 
by the yeast, the house and utensils should be washed occasionally 
through the opening season with a 1 to 2,500 formaldehyde solution 
(formalin, 1 to 1,000). 
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